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DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.1 14, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.1 14. Applicant's submission filed on 01/30/2008 has been entered. 

Terminal Disclaimer 

2. The terminal disclaimer filed on 0 1/1 8/2005 disclaiming the terminal portion of any 
patent granted on this application which would extend beyond the expiration date of any U.S. 
Patent granted on U.S. Patent Application Number 09/943,134 (now patent 7,042,043) and 
Application Number 10/028,001 (now patent 7,132,71 1) has been reviewed and is accepted. The 
terminal disclaimer has been recorded. 

Claim Rejections - 35 USC § 103 

The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

3. Claim 1, 3, 4, 7-9, 18, and 96 are rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Endo U.S. Patent 5,619,05 1 (the '05 1 reference, cited in a previous office action) in view of 
Werkhoven et al. U.S. Patent Application Publication 20010041250 (cited in a previous office 
action). 

The '051 reference discloses a floating gate transistor as claimed including a graded 
asymmetrical low tunnel barrier intergate insulator 1 8 A but does not teach that the graded 
asymmetrical low tunnel barrier intergate insulator 1 8A is formed by multiple atomic layer 
deposition (ALD). Instead, the reference teaches that the graded asymmetrical low tunnel barrier 
intergate insulator 18A is formed by chemical vapor deposition (CVD). 

Specifically, with reference to claims 1 and 18, the '051 reference discloses a floating 
gate transistor, comprising: 
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a first source/drain region (22 or 24, Fig. 5) and a second source/drain region (24 or 22) 
separated by a channel region (no number) in a substrate (10); 

a floating gate (16) opposing the channel region and separated therefrom by a gate oxide 
(14), wherein the floating gate (16) includes a horizontal oriented floating gate (16) formed 
alongside of a body region (generally indicated at metal-plug body region 30 or interlayer 
insulating body region (no number) that covers field oxide body region 12); 

a control gate (20) opposing the floating gate; and 

wherein the control gate is separated from the floating gate by an asymmetrical low 
tunnel barrier intergate insulator (18A, wherein "the dielectric film 18A is formed of a solid 
solution of two kinds of metal oxides, and the proportions of two metal oxides vary continuously 
from the bottom plane adjacent to the floating gate 1 6 to the top plane", column 7, lines 1-8, so 
as to produce different barrier heights (represented by different band widths, col. 7, lines 55-67), 
meeting the limitation "graded" and "asymmetrical", where "low" is interpreted broadly, and 
where the "tunnel barrier" property is interpreted to be inherent as the stepwise-graded dielectric 
layer 18A is a barrier to, for example, electrons tunneling from, for example, from the floating 
gate to, for example, the control gate). 

However, as noted above, the reference discloses that the graded asymmetrical low tunnel 
barrier intergate insulator 1 8 A is formed by CVD instead of multiple ALD as claimed. 

Werkhoven, in also disclosing an insulator ("dielectric"), and particularly an insulator for 
a transistor gate (gate oxide/Si substrate interface or gate electrode/gate dielectric interface, 
paragraph [0034]), teaches that an insualtor formed by multiple ALD is superior to CVD in that 
its thickness, grading, and compositional ratios can be exactly controlled, in addition to the 
reduced problem of diffusion (paragraphs [0033]-[0036]). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the reference's device such that its graded asymmetrical low tunnel 
barrier intergate insulator 18A is formed by multiple ALD instead of CVD. 

One would have been motivated to make such a change in view of the teachings in 
Werkhoven that multiple ALD is superior to CVD in terms of precisely controlled thickness, 
grading, compositional ratios, and reduced diffusion. 
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Referring to claims 7-8 and 18, the '051 reference in view of Werkhoven discloses a non 
volatile memory cell substantially as claimed and as detailed above for claim 1 including the 
asymmetrical low tunnel barrier intergate insulator 1 8 A including a number of small 
compositional ranges arranged in a "vary continuously" from the bottom surface to the top 
surface. The reference further discloses, in reference to claim 18, that the number of small 
compositional ranges is formed such that gradients can be formed in an applied electric field 
which produce different barrier heights at an interface with the floating gate and control gate 
(paragraph bridging columns 7 and 8, particularly ". . .gradient of conduction band to make an 
about 0.4 eV difference. .. information charge retention time is about twice that in the memory 
cell of FIG. 1 . . .the erase time shortens to 1/5 of that in the memory cell having the dielectric 
film 18 of homogeneous barium strontium titanate). 

The reference further teaches that the floating gate includes a polysilicon floating gate 
having a metal silicide formed thereon (column 3, lines 56-63) in contact with the asymmetrical 
low tunnel barrier intergate insulator, and that the control gate includes a metal control gate 
having a metal oxide layer formed thereon in contact with the asymmetrical low tunnel barrier 
intergate insulator. 

Compared with the claims, the reference discloses a metal silicide instead of the claimed 
first metal layer for the floating gate, a metal oxide/metal instead of the claimed second 
metal/polysilicon for the control gate. However, the differences are deemed to be obvious to one 
of ordinary skill in the art at the time the invention was made ("the artisan") because at least one 
of the following two reasons: (1) the materials are known and available to the artisan; (2) both 
the present invention and the reference fails to show an advantage of one combination of 
materials to the other. 

With respect to the limitation "wherein the metal layer includes a metal layer that has a 
different work function than the metal layer formed on the floating gate", the limitation appears 
to be inherent in the reference because: (1) the metal of the metal silicide (functionally 
equivalent to the claimed first metal) and the metal of the metal oxide (functionally equivalent to 
the claimed second metal) are different metals, resulting in different work functions; (2) the 
paragraph bridging columns 7 and 8, as noted above, expressly states that the barrier heights at 
the two surfaces of the asymmetrical low tunnel barrier intergate insulator, where the metal 
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silicide and the metal oxide are respectively in contact with, ought to be different, leading the 
artisan to conclude that the work function of the metal silicide (functionally equivalent to the 
claimed first metal) should be different from the work function of the metal oxide (functionally 
equivalent to the claimed second metal). 

Referring to claim 3, the reference further discloses that the graded asymmetrical low 
tunnel barrier intergate insulator includes an asymmetrical transition metal oxide, as SrTi0 3 
(column 7, lines 9-12) is a transition metal oxide. 

Referring to claim 4, although the reference's transition metal oxide is formed of a 
transition metal not the same as one of the claimed transition metals, they are all transition 
metals, therefore their metal oxides should be functionally equivalent. 

Referring to claim 9, although the reference does not explicitly discloses that the floating 
gate transistor is an n-channel type floating gate transistor, one of ordinary skill in the art 
recognizes that an n-channcl type floating gate transistor and a p-channel type floating gate 
transistor are only different in the dopants (n or p) used. 

Referring to claim 96, the graded asymmetrical low tunnel barrier intergate insulator 
formed by multiple ALD should be continuously graded, because ALD is about atomic level 
deposition, i.e., one atomic layer (also known as a monolayer) deposited at a time upon a 
previously deposited monolayer, and because both the '05 1 reference and Werkhoven teach 
continuously grading. 

4. Claims 5 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable over Endo 
U.S. Patent 5,619,051 (the '051 reference) in view of Werkhoven et al. U.S. Patent Application 
Publication 20010041250 as applied to claim 1 above, and further in view of Eguchi et al. U.S. 
Patent 5,618,761 (cited in a previous office action). 

The '051 reference in view of Werkhoven discloses a non volatile memory cell 
substantially as claimed and as detailed above including the graded asymmetrical low tunnel 
barrier intergate insulator 1 8 A. The reference further discloses that the graded asymmetrical low 
tunnel barrier intergate insulator is formed of SrTi0 3 (column 7, lines 9-12), meeting the 
limitation of the claimed Markush group of materials of claim 6. The reference further discloses 
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that the graded asymmetrical low tunnel barrier intergate insulator ought to have a high dielectric 
constant (the table in column 6, lines 35-45, and claim 1). However, the reference does not 
mention the limitation "Perovskite" for the graded asymmetrical low tunnel barrier intergate 
insulator. 

Eguchi, in disclosing an insulator layer for a capacitor, mentions that a layer comprising 
Sr, Ti, and O having a perovskite crystal structure, which offers a high dielectric constant and 
excellent insulating properties (column 9, lines 37-45). Therefore, it would have been obvious to 
one of ordinary skill in the art the time the invention was made to form the '05 1 reference's 
graded asymmetrical oxide tunnel barrier intergate insulator such that it is an asymmetrical 
Perovskite oxide tunnel barrier intergate insulator. One would have been motivated to make 
such a change because perovskite crystal structure offers a high dielectric constant and excellent 
insulating properties, which high dielectric constant property is desired by the '051 reference and 
which is taught by Eguchi. 

5. Claims 2, 20-22, and 85 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Endo U.S. Patent 5,619,051 (the '051 patent) in view of Werkhoven and further in view of 
Shinkawata et al. U.S. Patent Application Publication 20020008324 (cited in a previous office 
action). 

The '051 reference in view of Werkhoven discloses a non volatile memory cell 
substantially as claimed and as detailed above for claims 1 , 6, and 1 8 including the graded 
asymmetrical low tunnel barrier intergate insulator 1 8 A including a number of small 
compositional ranges arranged in a vary-continuously manner from the bottom surface to the top 
surface, and wherein the number of small compositional ranges arranged in said vary- 
continuously manner includes SrTi0 3 (column 7, lines 1-12). The materials for the second metal 
(in reference to claims 20 and 21) should also be known and available to the artisan as noted 
above. 

However, instead of the claimed aluminum oxide (A1 2 0 3 ), as noted, the reference 
discloses SrTi0 3 . 
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Shinkawata, in disclosing a gate insulating film 24 for semiconductor devices, teaches 
that the two materials are equivalent (paragraph [0063]) (and they should be because otherwise 
the claimed device of claims 6, 1 1, 20-22, which contains both materials, would be inoperable). 

Therefore, it would have been obvious to one of ordinary skill in the art the time the 
invention was made to form the '05 1 patent's asymmetrical low tunnel barrier intergate insulator 
to include aluminum oxide (A1 2 0 3 ), instead of SrTi0 3 . One would have been motivated to make 
such a decision based on the availability and equivalency of the materials. 

Allowable Subject Matter 
6. Claims 10-13, 16, 17, 19, and 86-95 are allowable over the prior art of record. 

Claim 23 is objected to as being dependent upon a rejected base claim, but would be 
allowable if rewritten in independent form including all of the limitations of the base claim and 
any intervening claims. 

The following is an examiner's statement of reasons for the indication of allowable 
subject matter: The cited art, whether taken singularly or in combination, especially when all 
limitations are considered within the claimed specific combination, fails to teach or render 
obvious a floating gate transistor having all exclusive limitations as recited in claims 10, 16, 19, 
and 23. 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tu-Tu V. Ho whose telephone number is (571) 272-1778. The 
examiner can normally be reached on 6:30 am - 3:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Steven H. Loke can be reached on (571) 272-1657. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



02-28-2008 
/Tu-TuV. Ho/ 

Primary Examiner, A.U. 2818 



